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Abstract  
Five specimens had been tested under axial compression, whose deformation and stress performance is mainly 
focused on both theory and experiment. The working mechanism had been analyzed on experimental results. 
Furthermore, some testing phenomenon was explained based on damage mechanics theory. In addition, the 
calculating equation for ultimate load-carrying capacity, which is reduced by the theory of hooping strengthening, has 
been proved to be suited and safe for this kind of structure. The research results offer the theoretical and experimental 
references for engineering practice of concrete-filled steel tubular structure and design index of core concrete.               
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1. Introduction  
The concrete-filled steel tubular structure has been applied to civil engineering for one hundred years, 
and its development bases on profiled steel concrete and spirally reinforced concrete. 
HU Shuguan[1] concluded that utilizing the high strength and toughness of the steel, the concrete-
filled steel tubular structure combines steel and concrete to form combinatorial materials. This structure 
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can effectively exert both advantages and expand its application scope, and has been proved to be an 
efficient composite technique.  
ZHONG Shantong[2] and Gupta, P. K[3] indicate that it can adapt to the development of modern 
engineering structure, which moves toward large span, high-rise, heavy load and bearing bad conditions. 
It becomes the fourth structure after masonry structure, concrete structure and steel structure, and has 
broad prospects for development. 
With the development of the modern concrete technology and construction artistry, self-compacting 
and micro-expansion concrete can form self-compaction under self weight or low vibration. By adding 
expanding agent, the core concrete has the certain amount of swelling quantity with the process of 
maintenance. Recent results from REN Zhigang[4][5] and LI Yi[6] indicate that it can establish the active 
restraint in the early stage, ensure interface closely integrated and sustain limiting action. 
2. Specimen preparation 
The main parameters of specimen and measured values are shown in table 1. 
Table 1.The main parameters of specimen 
specimen number D×t×L(mm) Fy(MPa) Fc(MPa) As（mm2） Ac（mm2） 
1#—5# 165×4×495 210 27.5 2023 19359 
The steel adopted Q235 and machining accuracy as shown in figure 1(a). Every cross section was 
adhered 4 circular strain gauges with 90°space, and this was shown in figure 1(b).  
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Fig. 1. (a) the schematic drawing of specimen;(b)the position distribution of strain gauges 
The mixture ratio of self-compacting and micro-expansion concrete (C60) was shown in table 2. 
Table.2. The concrete mixture ratio of self-compacting and micro-expansion concrete 
additive cement (P.O.52.5) first grade fly ash sand 
coarse 
aggregate water 
water reducing 
agent 
(Vivid-500) 
swelling 
agent 
(VEA-H) 
kg/m3 400 80 730 1095 144 6.24 45 
3. Experiment and analysis 
3.1. Test process and Testing phenomenon 
The experiment was tested in the Structural Engineering Laboratory of Wuhan University of 
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Technology. The main testing equipment is shown in figure 2. 
                            
 Figure.2. (a) 500T hydraulic pressure type; (b) TS-3860 static resistance strain indicator compression testing machine 
The related parameters of three cube concrete specimens are 100×100×100mm3 and their test results 
are 50.76 MPa, 44.8 MPa and 44. 6 MPa respectively. 
This test adopted total cross-section loading and took graduate loading mechanism. The testing 
phenomenon of five specimens were similar from the beginning of load to the end, as shown in table 3.  
Table.3. Testing phenomenon 
phenomenon initiation 
Loading <70T 
loading to 120T loading to  136T-144T loading to 160T 
deformation little change uniform increase significant deformation axial displacement increases 
rapidly 
other No other 
phenomenon 
rust started peeling off, drum-
like buckling, subtle sound 
drum-type damage 
 
completely 
damage 
The loading condition and failure pattern of the specimen were shown in figure 3 (specimen 4 for 
instance).  
                              
Figure.3. (a)the loading condition; (b) the failure pattern of the specimen 
3.2. Load -strain curve 
For the various parameters of No.1#—5# specimens are all the same, the test results are similar, which 
are not conducive to system analysis of the test data, as shown in figure4 and figure5. So, it is better to 
take text data in the analysis of the mathematical expectation, as shown in figure 6.  
The ultimate bearing capacity of Ordinary concrete filled steel tube short column is only about 
60% ,but in this experiment ,the elastic bearing capacity of specimens approach to more than 75% of 
ultimate load, that indicate self-compacting and micro-expansion concrete help to improve elastic bearing 
capacity. While the range of elastic-plastic stage is small and the specimen will quickly enter plastic stage. 
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 Figure.4. (a) section1-1 load -axial strain curve; (b) section 1-1 load -ring strain curve 
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 Figure.5. (a) section 3-3load -axial strain curve; (b) section 3-3 load -ring strain curve 
                    
Figure 6  (a)Load-average axial strain curve ;(b) Load-average ring strain curve                                                                                                                  
3.3.  Mechanism analysis  
Recent results from LI Jie[7] and ZHANG Dingfei[8] indicates the damage mechanics for concrete 
materials and structures as well as development and application of ductile damage. The phenomenon of 
specimen test correspond the hypothesis of damage mechanics theory.  All the material is composed of 
many particles that continually established different balance under different loads. As the load increases, 
material cohesion gradually weakens leads to volume element degenerate and be destroyed. If the damage 
reaches critical value, the point (volume element) deems to be burst. Then according to the new damage 
distribution and the new boundary conditions, repeat the similar calculations until the specimen reaches 
the failure criteria. 
4. Comparison and analysis 
Neogi P K [9] and Cai Shaohuai[10]and Varma, A. H [11] etc. indicate the ultimate strength of short 
concrete-filled steel tubular columns under Axial Loads . Hoop concrete theory, unified theory and 
superposition theory are widely applied to the calculation of ultimate bearing capacity of short column. 
4.1. Comparisons between test results and theoretical solutions 
The ultimate bearing capacity among five specimens is given in table 4. Three theories mentioned 
23XIONG Rui et al. / Procedia Earth and Planetary Science 5 (2012) 19 – 24 Author name / Procedia Earth and Planetary Science 00 (2011) 000–000 5 
above are adopted to obtain the theoretical ultimate bearing capacity and the results are shown in Table 5.  
Table 4. Practical ultimate bearing capacity of five samples 
Specimen No. 1# 2# 3# 4# 5# 
 Ultimate Bearing capacity （KN） 1557 1660 1650 1630 1680 
Table 5. Theoretical solution of bearing capacity  
Theory applied Practice or 
regulation 
Formula Theoretical ultimate  
bearing capacity
（KN） 
Hoop concrete 
theory 
CECS28:90 (1 )u c cN A f      
1432 
Unified theory DL/T508-1999 scscu AfN   ccssc ff )212.1(
2
    
1089 
DBJ13-51-2003 
scscu AfN   (1.14 1.02 )sc cf f   
1040 
Superposition 
Theory 
JCJ01-89 
1u s s c cN f A k f A   
983 
AIJ-CFT(1997) (1 ) 0.85u s s c cN f A f A    
992 
Eurocode4
（1994） 
(6 ) 0.85
2u s s c c
tN f A f A
D t
 
  
1102 
The results indicate that the obtained ultimate bearing capacity by hoop concrete theory (CECS28: 90), 
considering the steel tube’s constraint effect on high grade concrete, is 1432 kN, which is slightly lower 
than the average value of test result 1635 kN. This theory is suggested to be used in the calculation of 
ultimate bearing capacity of micro-expansion and self-compacting concrete-filled steel tubular.  
4.2. Comparisons between test results and theoretical solutions Finite element model 
HAO Wenhua [12] indicates the applied examples of ANSYS in civil engineering. Figure 7 and 8 
show the axial force-strain curves by test and FEM results respectively.  
            
Figure 7(a) Load - average axial strain curves; (b) Load - average ring strain curves 
In figure 7, it can be shown that the ultimate bearing capacity by FEM is 1585 kN, slightly lower than 
the average tested value of 1635 kN by 3%. It is testified that FEM is a powerful tool to simulate the steel 
tube by axial loading and FEM is suggested to be applied in practice. 
5. Conclusion 
1) The self-compacting and micro-expansion concrete-filled steel tubular stub columns have well 
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capacity of bearing axial compression and nicer ability of resistance to deformation. It can reach above 
75% of ultimate load when the bearing capacity at elastic stage.  
2) The calculated value based on hoop mechanism and the core CECS28:90 exactly match the trial 
value, which indicates the core is suitable for the design of self-compacting and micro-expansion 
concrete-filled steel tubular stub columns. 
3) The core concrete strength could be enhanced to increase ultimate bearing capacity of the combined 
structural, and this can achieve optimal composite of two materials. In addition, the quantity of swelling 
agent can be discussed separately. 
4) Under axially loading, the deformation and mechanical performance of the concrete filled-steel 
tubular can further study with different factors, such as radius-thickness ratio, slenderness ratio, axially 
load level and age, and also can analyze the influences of ultimate bearing capacity under different factors 
by the orthogonal experiment. 
5) The study of microscopic damage growth discipline provides important test basis for the study of 
macroscopic damage mechanics. The research methods could be introduced into and be used for reference 
the study of concrete-filled steel tubular. 
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